Transduction and transmission properties of primary nociceptive afferents.
The prototypical primary nociceptive afferent is the polymodal C-fiber nociceptor, which responds to noxious thermal, mechanical, and chemical stimuli. C-fiber nociceptors are peripheral terminals of small neurons in the dorsal root ganglia (DRG). DRG neurons must therefore supply their peripheral terminals with the molecular machinery for the encoding of noxious stimuli into trains of action potentials. The following phenomena are known for this encoding process in vivo: 1) adaptation: for a constant stimulus intensity the action potential discharge decreases slowly within 2-3 seconds, 2) fatigue: recovery from adaptation may take ten minutes or more, 3) sensitization: preceding tissue damage enhances the response, particularly to heat stimuli. Recent studies in vitro have provided important clues about the molecular mechanisms underlying these phenomena. Several membrane receptors and channels are specifically expressed in small nociceptive neurons, such as vanilloid receptors (VR1), purinergic receptors (P2X3), acid sensing ion channels (ASIC), and TTX-resistant Na-channels. In the near future, we may therefore expect major advances in our understanding of the transduction of noxious stimuli into generator potentials and transformation into trains of action potentials. Along the axon that leads from the innervated tissue to the spinal cord, primary nociceptive afferents have a limited capacity to transmit high impulse rates, suggesting a different composition of voltage-gated channels than in other primary afferents (low-threshold mechanoreceptors and thermoreceptors). Finally, the DRG neuron also supplies its central terminals with the molecular machinery for synaptic transmission and its presynaptic modulation. Progress in understanding the cellular mechanisms at both ends of the primary nociceptive neuron promises to lead to new analgesic treatment modalities for both acute and chronic pain.